Background: In China, the field of orthopedics has experienced significant growth over the past 12 years. However, the recent status of research on orthopedics among individuals in mainland China, Hong Kong, and Taiwan is unknown. In this study, we investigated characteristics and trends of orthopedics publications from these three regions.
Background
Over the past 30 years, China has scored impressive economic and cultural achievements since the adoption of the reform and opening up policy. With rapid socioeconomic development of China, great changes have taken place in science and medicine during the past decade [1] . The number of scientific papers published annually from China ranked second in the world after 2006 [2] . During the same period, Chinese orthopedics research productivity has flourished, and has got more international attention [3] .
Bibliometric analyses provide significant advantages for the identification of the quantity and quality of publications from a specific country. These insights may be helpful to benchmark our scientific output and aid the allocation of future research funding [4] . Thus, bibliometrics to measure scientific productivity has been more notable in recent years. Self-assessment of the orthopedics publication from individual countries has been reported by Turkey and Japan [5, 6] . However, information regarding Chinese scientific contribution in the field of orthopedics is still lacking. The purpose of this study is to investigate the evolution of orthopedics studies in mainland China, Hong Kong, and Taiwan, by analyzing the trends and characteristics of the scientific articles published in orthopedics journals.
Methods
In the present study, a total of 65 orthopedics journals were selected from the Science Citation Index (SCI) and Science Citation Index Expanded (SCIE) database. The selection criteria, as previous studies described [7] , included that the journal met all of the following requirements: (1) was listed in the "orthopedics" category of SCI or SCIE for 2014; (2) was indexed in the PubMed database; and (3) had impact factors (IFs) according to Thomson Reuters Journal Citation Reports (JCR) 2014. The Bone & Joint Journal, which did not have an IF in JCR 2014, and Osteologie, which was not indexed by PubMed, were excluded from this study. A computerized literature search was conducted using the "PubMed" and "Web of Knowledge" databases on September 1st, 2015, and the articles published from January 1st 2003 to December 31st 2014 in these journals were retrieved. The orthopedics articles from mainland China, Hong Kong, and Taiwan were identified using the first author's institutional affiliations. The full journal titles or the ISSN numbers of the journals were used to perform this search. Systematic analyses have been performed on included orthopedics articles. First, we acquired and compiled the information of scientific literature from the three regions of China based on the JCR 2014 [8] , which contained accumulated and average IFs of publications, citations of articles, publication type of clinical research, distribution of contributing regions. Then, we analyzed these data from the three regions of China. Second, we quantified the articles published in top 10 orthopedics journals with the highest IFs, and selected the top 10 popular orthopedics journals for the three regions in terms of the number of published articles, and ranked the most prolific authors/institutions according to the number of articles and citations. Moreover, we calculated the total and annual numbers of published orthopedics articles worldwide, and ranked top 10 countries in terms of the total number of published articles over 12 years and the number of published articles per year. Two reviewers (HJ and BN) independently extracted the articles. When disagreement existed between the two reviewers, a third reviewer (ZX) was consulted to resolve.
Statistical analyses
Statistical analyses were performed using SPSS 20.0 software (IBM, New York, USA), and the statistical results are shown as Tables and Figures. The Kruskal-Wallis test and the Mann-Whitney test were used to detect differences between regions. The trends with respect to the number of articles were analyzed via curvilinear regression. Significance was tested using the two-tailed test, and P < 0.05 was considered significant.
Results

Global trends in orthopedics publications
A total number of 123,317 articles were published in the 63 orthopedics journals from 2003 to 2014. The worldwide number of annually published orthopedics articles tended to increase during the study period. The United States of America (USA) ranked the highest in the number of published orthopedics articles (36,893 articles), followed by the UK (6886), Japan (5867), China (5521), Germany (4356), Canada (3732), South Korea (2939), the Netherlands (2432), Australia (2355), and Turkey (2019). Based on the number of published articles per year, top 10 countries were described in Table 1 .
Total number of articles
Of the 123,317 published orthopedics articles, 5521 (4.48 %) were from these three regions (Fig. 1 , which far exceeded those from Taiwan (n = 186, P = 0.02) and Hong Kong (n = 76, P < 0.001). The number of case reports from Taiwan was significantly higher than that from Hong Kong (P = 0.001) (Fig. 4) .
Impact factors
In the current study, the 63 orthopedics journals had IFs based on the JCR 2014 [8] . Table 2) .
Citations of published articles
Orthopedics articles from mainland China were cited the highest number of times (18723), followed by the Taiwan (15760) and Hong Kong (8346). These differences among the three regions were significant (P = 0.007). A higher average per article citation was exhibited in the articles from Hong Kong (11.92) (8346 citations/700 articles) compared to those from Taiwan (9.94) (15760 citations/ 1586 articles) and mainland China (5.79) (18723 citations/ 3235 articles). This difference was statistically significant (P = 0.027) ( Table 3) . published 436 articles (38.02 %) (mainland China vs. Hong Kong, P = 0.003; mainland China vs. Taiwan, P = 0.456; Hong Kong vs. Taiwan, P = 0.017) ( Table 4) .
Top 10 popular orthopedics journals
The journals that published the most articles written by orthopedist from the three regions are listed in Table 5 . Over 12 years, Spine ranked the first in mainland China, Hong Kong, and Taiwan. Besides Spine, Injury and Journal of Orthopaedic Research also appeared in the list of most popular journals for all three regions.
Most prolific and highly cited authors
Researchers were ranked based on their number of articles and citations (Tables 6 and 7) . Among the top 10 most published authors, 4 were from Taiwan, 3 were from mainland China, and 3 were from Hong Kong. The number of publications for the top 10 authors ranged from 84 articles (1st place) to 64 articles (10th place).
Among the citation ranking of the top 10 authors, 4 were from Taiwan, 4 were from Hong Kong, and 2 were from mainland China. The number of citations for the top 10 authors ranged from 1625 (1st) to 810 (10th). Qiu Y, from mainland China, was the most prolific author, publishing 84 articles during the study period, while Wang CJ, from Taiwan, was the most-cited author (1625 citations). Seven of the top 10 prolific authors had citations within the top 10, including Luk KDK (Hong Kong), Chen Wen-Jong (Taiwan), Wang CJ (Taiwan), Chen Wen-Jer (Taiwan), Tang JB (mainland China), Cheung KMC (Hong Kong), and Chen TH (Taiwan). The orthopedist outside of the top 10 most published authors was not inevitably low in the citation rates of articles. For instance, the 60 articles by Cheng JCY (Hong Kong) ranked him in 12th place overall, but his articles ranked 6th in total number of citations (n = 1048). Qin L (Hong Kong) ranked 18th (n = 46) in number of articles and 9th (n = 878) in total number of citations.
Most prolific and highly cited institutions
Among the top 10 most prolific institutions, 4 were in mainland China, 4 were in Taiwan, and 2 were in Hong Kong (Tables 8 and 9 ). The number of publications by the top 10 institutions ranged from 421 articles (1st place) to 101 articles (10th place). The number of citations by the top 10 institutions ranged from 5500 (1st place) to 931 (10th place). Chang Gung Memorial Hospital was the most prolific institutional source of orthopedics articles, and also ranked first in the total number of citations. Eight of the top 10 prolific institutions had citations within the top 10, except for Changzheng Hospital and West China Hospital. However, the centers not in the top 10 most prolific institutions were not certainly low in the total citations of articles. For example, Xinhua Hospital affiliated to Shanghai Jiao Tong University School of Medicine ranked 18th in number of published articles (n = 70) and 8th in total number of citations (n = 976). Kaohsiung Medical University ranked 14th in number of published articles (n = 82) and 9th in total number of citations (n = 966).
Discussion
To the best of our knowledge, this is the first study to systematically analyze the quantity and quality of literature regarding orthopedics diseases from Chinese authors in the three regions (mainland China, Hong Kong, and Taiwan). Our study demonstrated that China had a consistent improvement in the field of orthopedics, and the numbers of articles published every year have increased markedly from 2003 to 2014. Worldwide there was also a persistent increase in the number of orthopedics publications during the past 12 years. Table 1 could give a general picture of the worldwide productivity in orthopedics research. It was very difficult to discuss about all countries mentioned in the Table 1 . Therefore, we only focused on the traditional scientific powers and rapidly emerging scientific powers, which made a major contribution to the field of orthopedics. There is no doubt that the total and annual numbers of orthopedics publications from USA were the highest in the world. In the past 12 years, the annual number of published articles increased steadily in highly developed countries including the UK, Japan, Germany, and Canada. Of note, there was a dramatic increase in the annual number of published articles in China and South Korea. On the other hand, publications per million (the ratio of the number of publications to the population of a country) was one of the parameters used in the measurement of scientific productivity of a community. Small highly developed countries, such as Denmark, Finland, Sweden, and the Netherlands, all ranked in the top in respect to orthopedics publications per million, and outperformed larger highly developed counterparts including USA, Germany, and Japan [9] [10] [11] . Given the relative size of the populations, China lagged far behind the most productive countries in the field of orthopedics. As it was a British Colony since the middle of the 19th century, Hong Kong has a long history of internationalization and a high degree of modern science and education level. Taiwan was one of the famous Newly Industrial Economics countries from the 1970s, whose advanced scientific and academic systems mixed features of China and America. For many years, scientific and medical research from Hong Kong and Taiwan has a world-class performance, and has been more advanced than that from mainland China. In fact, researchers from these two regions have contributed some of the best scientific articles on orthopedics. On the other hand, orthopedics in mainland China has made a great progress since the beginning of the 21st century. Its rapid growth has occurred in the recent 12 years due to the implementation of reform and open policy, and with the opening of China's doors to the international community. In accordance with previous studies in other disciplines [12, 13] , our results clearly demonstrated that scientific publication by mainland China investigators in international orthopedics periodicals increased dramatically Mainland China had the largest number of clinical trials, RCTs, and case reports during the past 12 years. Historically, investigators from Taiwan have contributed a great number of clinical trials and RCTs in the field of orthopedics. However, the annual number of such studies from researchers in mainland China has been ahead of the three regions since 2010. In addition, the numbers of published case reports from mainland China also far exceeded those from Hong Kong and Taiwan. There are several reasons that clinical research in mainland China has proceeded at a fast speed. First, China is a large country, with the largest population in the world and a vast number of patients suffering from orthopedics [14] . Fourth, controlled clinical studies have been an important research direction of Chinese orthopedists in recent years [15] . The annual total IFs of articles originating in China has increased significantly over the past 12 years, and has surpassed Taiwan and Hong Kong since 2009. However, the average IFs of articles from mainland China still lags behind those from Taiwan and Hong Kong. It should also be mentioned that IFs are not the only or optimal parameters for determining the quality of articles [16] . The number of times an article has been cited represents the degree of its influence on other publications and was adopted in this study as an indicator of the impact and quality of articles. Articles from mainland China were cited most, those from Taiwan were cited second-most, and those from Hong Kong were cited the least. However, the average citations per article of publications from mainland China were markedly lower than those from Taiwan and Hong Kong. Mainland China witnessed a rapid increase in the number of published orthopedics articles, but its total and average citations per article were small. This phenomenon could be explained by two reasons. On one hand, mainland China published 2042 articles in the most recent 3 years, accounting for 63.12 % (2042/3235) of the total number of articles published during 2003 to 2014. Obviously, the older an article is, the more likelihood it has of being cited. On the other hand, this may reflect the fact that quality of articles from mainland China needs to be improved significantly.
As far as the top 10 high IF orthopedics journals are concerned, researchers from mainland China (518 articles) and Taiwan (436 articles) published more papers than those from Hong Kong (193 articles). In the present study, Spine, Injury, and Journal of Orthopaedic Research were found to be the most popular journals for authors from mainland China, Hong Kong, and Taiwan and were in the list of the top 10 most popular journals in all three regions. These journals are the oldest publications for the specialty of orthopedics, and have an established and proud history of publishing top-class scientific articles in the field. During the past 12 years, Recently, the introduction of a Chinese-language edition of high-level journals may have increased authors' interest in publishing articles in these journals, which have certainly promoted the development of orthopedics research in China and contributed to China taking its place in the field of orthopedics. An analysis of prolific authors in orthopedics showed that Taiwan had 4 most prolific authors, and mainland China and Hong Kong each had 3 most prolific authors. Furthermore, Taiwan and Hong Kong both had 4 mostcited orthopedics researchers, and mainland China had 2 most-cited orthopedics researchers. An analysis of the top 10 research institutions found that the mainland China and Taiwan each had the 4 top research institutions for orthopedics, while Hong Kong had 2 top research institutions. However, the top 6 research institutions all came from Taiwan and Hong Kong. Except for West China Hospital, three of four top research institutions from mainland China were located in the southeast coastal region that was considered as the most developed area of China. It is objective fact that the development of medicine in eastern and western China exist the regional disparity. In Taiwan, the Chang Gung Memorial Hospital has been considered a "powerhouse", which published 421 articles with 5500 citations, accounting for 26.5 % of Taiwan's publications.
Publications in the medical field that reach an international audience mainly depend on excellent research and English fluency. This has given a major advantage to "English-speaking" or developed regions. Hong Kong, as a previous British colony, has the superiority of having a strong foundation in written English. In contrast, Taiwan is generally better known for having one of the best research environments in East Asia, owing to its socioeconomic development. Thus, academic institutions from Hong Kong and Taiwan have been able to publish more high-quality papers in orthopedics science. In recent years, mainland China has narrowed the gap, and has even overtaken the Hong Kong and Taiwan, at least in terms of the number of articles published in international orthopedics journals. However, the most prolific authors and top research institutions from mainland China still lag behind those from Hong Kong and Taiwan in terms of citations per article. Our study indicates that mainland China has come a long way and still has some distance to achieve the academic productivity of Hong Kong and Taiwan.
Several factors favor mainland China's immense growth in orthopedics research. First, as the recent advances in China's economy, the public are beginning to raise awareness of bone and joint disease [17] . Many new institutions and hospitals in mainland China have started basic and clinical research in the orthopedics fields [18] . Second, international collaborations may help Chinese orthopedics investigators to improve their clinical orthopedics practice and research capabilities, and make it possible for overseas scholars to understand the development of orthopedics science in mainland China. Third, in recent years, Chinese government authorities have begun to advocate for the use of IFs and citations when evaluating the performance of individual scientists. This has now been regarded as an important indicators used to measure their scientific contributions, which is closely related to academic status, income, funding, and other important benefits [19] . Subsequently, scientists have endeavored to publish their research in SCIE journals.
This study has limitations that should be highlighted. First, only the 63 orthopedics journals covered by the SCIE database were analyzed. Some orthopedics articles are published in general medical journals and were not included in this study. Second, the SCIE database is an English-language resource and has a publication bias. Many articles published in the journals from non-English speaking countries that were not indexed in this database. Thus, the contribution of non-English-language publications may have been underestimated. Third, the orthopedics journals were selected from the orthopedics category of SCIE database, and the IFs were evaluated by JCR 2014. In the past 12 years, the included journals and IF of the journals have changed year by year.
Conclusions
In conclusion, this study provides a novel overview of current Chinese orthopedics research. The annual number of articles published from mainland China has increased markedly during the past 12 years, particularly since 2007. Concurrently, the number of publications from Hong Kong and Taiwan is growing at a slow and steady rate. Publications from mainland China had the highest accumulated IF and total citations of articles. Publications from Taiwan had the highest average citations per article, and publications from Hong Kong had the highest average IFs. Taking into consideration the relative size of the populations, it should be emphasized that mainland China still has a long way to go to achieve the academic performance of Hong Kong and Taiwan.
Abbreviations IFs, impact factors; RCTs, randomized controlled trials; SCIE, science citation index expanded
